CONCLUSIONS AND RECOMMENDATIONS                                                                   75

Using examples from solar observatories, rocketry, and ballooning, Chapter
6 goes on to show that increased size and complexity are not the only, or some-
times even the major, factors in the increased implementation times and costs of
research projects. For example, balloon and rocket program experience has
shown that success rates and scientific productivity can be maintained despite
significant growth in the size and complexity of instruments. By contrast,
ground-based solar observatories show a major increase in implementation times,
even though their size and complexity have remained comparable over the past
two decades. In the latter example the increased implementation times are due
to the extra management activities described above, combined with the vagaries
of incremental funding that rarely matches the planned profile.

This management structure may be a natural result of the trend toward large
programs. Because of the huge investment of resources in these large projects,
government and other managers feel a responsibility to closely monitor every
aspect of their progress. Unfortunately, the indiscriminate application of this
management system to programs and projects of all sizes has reduced the effec-
tiveness and increased the cost of the overall space physics research program.

Conclusion No. 3: The long-term trend that has led to an ever-increas-
ing reliance on large programs has decreased the productivity of space
physics research.

The time period that saw a growing reliance on large science projects also
witnessed several disturbing trends. As described above, there has been a steady
increase in the implementation times of space physics projects, both ground and
space based. This has been accompanied by a steadily expanding effort by the
research community on planning, study, and selling activities.

In parallel with these trends, the average grant size in the base-funded pro-
gram and its constant-dollar buying power have decreased relative to inflation,
despite the fact that overall funding for space physics has increased markedly
over the past decade. We conclude by implication that the bulk of the funding
increase experienced in space physics research over the years has gone to large
programs. Because of their broad goals and national visibility, these projects
have been easier for funding agencies to sell than the base research program.

However, the complex and ambitious character of big science projects also
has its downside, including frequent cost overruns. The infrequency of large-
scale activities produces pressure to add on additional experiments that may not
be essential to the primary goal of the project. The addition of these lower-
priority components contributes to rising costs.

Unfortunately, small budget perturbations in big programs can have major
effects on small programs. The OTA report [2] aptly illustrates this concern for
the broader science community by considering cost projections that include the
possible effects of four megaprojects: the Human Genome Mapping Project, the